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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHOD AND APPARATUS FOR 
REDUCING DYNAMO-ELECTRIC 
MACHINE VIBRATION 

Background of Invention 

[0001] This invention relates generally to dynamo-electric machines and, more 

particularly, to structures for reducing vibration within the dynamo-electric machine. 

[0002] Dynamo-electric machine rotors formed of a stack of laminations having slots 
equally spaced from one another about the periphery of each lamination are known. 
Such rotors are often used in inductive AC motors and generators and include 
conducting members that extend axially along the rotor through aligned slots of the 
stacked laminations. The conducting members or bars interact with a rotating 
magnetic field created in an air gap between the outer circumference of the rotor and 
the inner circumference of the machine stator. Windings embedded in slots between 
radially inwardly projecting teeth of the stator, adjacent the air gap, are connected to 
the AC mains, and the stator winding conductors pass through a certain order of the 
stator slots so as to cause magnetic flux in the air gap to rotate in synchronism with 
the frequency of the AC mains. 

[0003] The rotor bars may be cast in situ in the rotor slots, or may be pressed into the 
rotor slots. Ends of the bars are coupled by electrically conductive end-rings which 
may be integrally formed with the bars or may be brazed to the ends of the bars. 

[0004] 

During operation, maintaining continuous contact between the rotor bars and the 
rotor core facilitates reducing rotor vibration. More specifically, continuous contact 
with the rotor bars facilitates controlling high frequency vibration caused by loose 
bars. Additionally, accommodating thermal expansion of the rotor components 
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reduces rotor imbalance caused by reaction forces generated by the differential 
expansion of the rotor bars and slots. Such reaction forces are proportional to slot 
frictional forces, which oppose rotor bar expansion and may cause rotor unbalance 
problems. In operation, the temperature of the motor will increase with load. In some 
motors, the magnitude and angle of the vibration changes noticeably with rotor 
temperature because of non-uniform expansion of the rotor. Such non-uniform 
expansion may result from some rotor bars locking in their slots when the slot 
frictional force exceeds the thermal elongation differential between bar and slot. 

Summary of Invention 

[0005] In one aspect, a method of fabricating a dynamo-electric machine rotor is 

provided. The method includes forming a plurality of laminations, such that a plurality 
of openings extend through the laminations between an outer peripheral edge and an 
inner peripheral edge arcuately spaced about the lamination wherein each opening 
includes an edge with a tongue that extends into the opening, stacking the 
laminations to form a core wherein adjacent opening are substantially aligned to form 
a slot in the core and filling the core slots with rotor bar material. 

[0006] In another aspect, a lamination configuration for use in a rotor core of a dynamo- 
electric machine is provided. The lamination includes a unitary body fabricated from a 
ferromagnetic material, an outer peripheral edge of the body, an inner peripheral edge 
spaced radially from the outer peripheral edge, and a plurality of openings through 
the body between the outer peripheral edge and the inner peripheral edge and 
arcuately spaced about the body. The openings each include an edge, the edge 
includes a tongue which includes a fixed end and a distal end, the tongue extends 
from the edge into the opening. 

[0007] 

In yet another aspect, a rotor configuration for use in a dynamo-electric machine 
is provided. The rotor includes a stack of laminations having a peripheral portion 
interposed between a first end face and a second opposing end face, the laminations 
have a plurality of openings each having an edge, the edge includes a tongue with a 
fixed end and a distal end, the tongue extending from the edge into the opening. The 
laminations are stacked to form a core wherein adjacent openings are substantially 
aligned to form a slot in the core such that the slot extends from the first end face to 
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the second end face, and a plurality of conductive rotor bars comprising a first end 
and a second end. The bars are mounted in the rotor slots wherein the slot tongue 
distal ends are resiliently displaced away from the bars biasing the bars in a direction 
toward the peripheral portion. 

Brief Description of Drawings 

[0008] Figure 1 is a side cross sectional view of an electric motor. 

[0009] Figure 2 is a plan view of an exemplary embodiment of a rotor lamination. 

[001 0] Figure 3 is an enlarged plan view of an exemplary lamination opening that may be 
used with the rotor lamination shown in Figure 2. 

[001 1] Figure 4 is an enlarged plan view of an alternative embodiment of a lamination 
opening that may be used with the rotor lamination shown in Figure 2. 

[001 2] Figure 5 is an enlarged plan view of another alternative embodiment of lamination 
opening that may be used with the rotor lamination shown in Figure 2. 

[001 3] Figure 6 is an enlarged plan view of yet another alternative embodiment of 

lamination opening that may be used with the rotor lamination shown in Figure 2. 

Detailed Description 

[001 4] FIG. 1 illustrates a side cross sectional view of an electric motor 1 0. Motor 1 0 

includes a substantially cylindrical outer casing 1 2, and a generally cylindrical stator 
1 4 that is positioned substantially coaxially within outer casing 1 2, and includes a 
coaxial stator bore 16 that extends therethrough. A rotor 1 8 includes a shaft 1 9 and 
is supported by a front bearing 20 and a back bearing 21 which are each coupled to 
casing 12. Rotor 1 8 extends axially through stator bore 1 6 for rotational movement 
about a stator bore axis 1 7. In an exemplary embodiment, a rotor shaft extension 22 
extends axially from a front end shield 24 of motor 1 0, and includes a key 26 that 
projects radially outward from a keyway 27 that is cut axially a distance from shaft 
extension 22. Key 26 locks shaft extension 22 into a corresponding key way cut in a 
load member (not shown) e.g. a fan, to which rotational motive power is to be 
supplied by motor 10. 
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[001 5] A back end shield 28 together with casing 1 2 and front end shield 24 contains 
protects stator 14, rotor 1 8 and associated conductive windings. In the example 
shown, a motor cooling fan 30 is mounted on a rotor stub portion 32 that extends 
outwardly from back end shield 28, and directs an air current flow over casing 12. 

[001 6] Shaft 1 9 extends axially through stator bore 1 6 and includes a stack of rotor 
laminations 50 fixed coaxially on shaft 19 intermediate front bearing and back 
bearings, 20 and 21 , respectively. The stack of rotor laminations 50 form a rotor core 
51. Sets of conductive bars 52 pass through axially extending slots formed in rotor 
core 51 near an outer periphery of each lamination 50. Bars 52 are shorted to one 
another at an axial end of the stack of laminations 50 by a pair of end rings 54, 55. 

[001 7] Figure 2 is a plan view of an exemplary embodiment of rotor lamination 50. 

Lamination 50 is formed of a substantially flat plate of ferromagnetic material that 
includes an outer, substantially circular peripheral edge 60 and an inner peripheral 
edge 62 that is radially inward from outer peripheral edge 60. Lamination 50 includes 
a plurality of uniformly circumferentially spaced openings 64 that extend 
symmetrically about radial center lines 66 in a region near the outer peripheral edge 
60. Openings 64 are formed to contain conductive bars 52 (shown in Figure 1) which 
extend substantially parallel to a rotor axis 65 when laminations 50 are stacked such 
that openings 64 are substantially aligned with respect to each other (i.e., in 
communication with one another). In the exemplary embodiment, each opening 64 is 
substantially trapezoidally-shaped. In an alternative embodiment, openings 64 may 
be shaped to accommodate two rotor bars per slot for better acceleration 
characteristics. In another alternative embodiment, openings 64 may be shaped with 
leading or trailing portions for altering a magnetic interaction between the core 
magnetic field and the stator magnetic field. 



[0018] 



In a further alternative embodiment, openings 64 may be non-trapezoidally 
shaped. Near inner peripheral edge 62, an integrally formed tongue 68 extends into 
each opening 64. In one embodiment, a central aperture 70 extends through 
lamination 50 and is sized to receive rotor shaft 22. In another embodiment, a keyway 
72 extends through lamination 50 and forms a portion of aperture 70. When 
laminations 50 are stacked together in face-to-face communication to form rotor core 
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51 , each keyway 72 is substantially aligned with each keyway 72. 

[0019] Figure 3 is an enlarged plan view of a lamination opening 64 including a spring 

assembly 67. Opening 64 is substantially trapezoidally-shaped and is sized to receive 
at least one of rotor bars 52 therein. In an exemplary embodiment, opening 64 
includes a passage 74 that extends through outer peripheral edge 60. In an 
alternative embodiment, passage 74 is closed. Each opening 64 includes a first edge 
80 and a second edge 82 that converge toward each other, such that each opening 64 
is generally convergent from outer peripheral edge 60 toward inner peripheral edge 
62. Spring assembly 67 is positioned between edge 80 and edge 82 adjacent inner 
peripheral edge 62. Tongue 68 extends from first edge 80 into opening 64 proximate 
to inner peripheral edge 62. Tongue distal end 84 is resiliently flexible in a direction 
86 towards outer peripheral edge 60, and also in a direction 88 towards inner 
peripheral edge 62. In the exemplary embodiment, a notch 92 and an opposing notch 
94 are located in edge 80 proximate a fixed end 96 of tongue 68. Notches 92 and 94 
are substantially semi-circularly-shaped and cooperate to relieve stresses induced in 
edge 80 when tongue 68 flexes in direction 86 or 88. In other alternative 
embodiments, notches are substantially non-semi-circularly shaped. 

[0020] j n Q p erat j on> a portion of rotor bar 52 (shown in Figure 1) substantially fills 

opening 64 and is in contact with edge 90, edges 80 and 82, and tongue 68 such that 
lamination 50 is frictionally engaged to rotor bar 52. Tongue distal end 84 is flexed 
toward direction 88 which causes tongue distal end 84 to apply a bias in direction 86 
to rotor bar 52. As lamination 50 and rotor bar 52 increase in temperature during 
operation of motor 1 0, rotor 1 8 may experience imbalance caused by reaction forces 
generated by a differential expansion of lamination 50 and rotor bars 52. Such 
reaction forces are proportional to frictional forces between lamination 50 and rotor 
bars 52, which oppose rotor bar 52 expansion and can cause rotor 1 8 unbalance 
problems when the reaction forces exceed a limit. In operation, a temperature of 
motor 1 0 will increase with load. In some motors, a magnitude and an angle of a 
vibration changes substantially with rotor temperature. Such change occurs because 
of non-uniform expansion of rotor 1 8. Such non-uniform expansion may result from 
some rotor bars 52 locking in their openings 64 when the frictional forces between 
lamination 50 and rotor bars 52 exceeds a thermal elongation differential force 
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between lamination 50 and rotor bars 52. Tongue 68, acting as a spring to bias rotor 
bar 52 in direction 86 facilitates reducing frictional forces between lamination 50 and 
rotor bars 52 allowing rotor 18 to expand uniformly thus, reducing rotor vibration. 

[0021] A magnetomotive force induced to rotor bars 52 is cyclic, as rotor 1 8 rotates in 
motor 1 0 due to an interaction between cyclically varying magnetic fields in stator 1 4 
and rotor 18. Such force imparts cyclic stresses to lamination 50 by rotor bars 52 
tending to loosen rotor bars 52 in openings 64 over time. Loose bars cause vibration 
in rotor 18. A constant bias force provided by tongue 68 will maintain intimate contact 
between lamination 50 and rotor bar 52 to reduce vibration in rotor 18. 

[0022] Figure 4 is an enlarged plan view of an alternative embodiment of lamination 
opening 64 including an integral spring assembly 99. Lamination opening 64 is 
substantially similar to lamination openings 64 shown in Figure 3. Components in 
lamination opening 64 in Figures 4 that are identical to components of lamination 
opening 64 shown in Figure 3 are identified in Figures 4 using the same reference 
numerals used in Figure 3. Opening 64 is substantially trapezoidally-shaped and is 
sized to receive at least one of rotor bars 52 therein. In an exemplary embodiment, 
opening 64 includes a passage 74 that extends through outer peripheral edge 60. In 
an alternative embodiment, passage 74 is closed. Each opening 64 includes a first 
edge 80 and a second edge 82 that converge toward each other, such that each 
opening is generally convergent from outer peripheral edge 60 toward inner 
peripheral edge 62. Integral spring assembly 99 is positioned between edges 80 and 
82 adjacent inner peripheral edge 62. A first tongue 1 00 extends from first edge 80 
into opening 64 and is adjacent to inner peripheral edge 62. A second tongue 102 
extends from second edge 82 into opening 64 and is also adjacent to inner peripheral 
edge 62. Tongues 1 00 and 1 02 each include a distal end 1 04 and 1 06, respectively, 
which are proximate each other and intermediate edges 80 and 82. Each tongue distal 
ends 1 04 and 1 06 are resiliently flexible in a direction 86 towards outer peripheral 
edge 60 and also in a direction 88 towards inner peripheral edge 62. In the alternative 
exemplary embodiment, a circular shaped notch 1 08 is located in edge 80 proximate 
a fixed end 1 1 2 of tongue 1 00. A circular shaped notch 1 1 0 is located in edge 82 
proximate a fixed end 114 of tongue 102. Notches 108 and 1 10 relieve stresses 
induced in edges 80 and 82 respectively, when tongues 100 and 102 flex in direction 
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86 or 88. In alternative embodiments, notches are substantially non-circularly 
shaped.. 

[0023] In operation, a portion of rotor bar 52 (shown in Figure 1 ) substantially fills 

opening 64 and is in contact with edge 90, edges 80 and 82, and tongues 1 00 and 
102 such that lamination 50 is frictionally engaged to rotor bar 52. Tongue distal 
ends 1 04 and 1 06 are flexed toward direction 88 which causes tongue distal ends 1 04 
and 106 to apply a bias in direction 86 to rotor bar 52. As lamination 50 and rotor bar 
52 increase in temperature during operation of motor 1 0, rotor 1 8 may experience 
imbalance caused by reaction forces generated by a differential expansion of 
lamination 50 and rotor bars 52. Such reaction forces are proportional to frictional 
forces between lamination 50 and rotor bars 52, which oppose rotor bar 52 expansion 
and can cause rotor 1 8 unbalance problems when the reaction forces exceed a limit. 
In operation, a temperature of motor 1 0 will increase with load. In some motors, a 
magnitude and an angle of a vibration changes substantially with rotor temperature. 
Such change occurs because of non-uniform expansion of rotor 1 8. Such non- 
uniform expansion may result from some rotor bars 52 locking in their openings 64 
when the frictional forces between lamination 50 and rotor bars 52 exceeds a thermal 
elongation differential force between lamination 50 and rotor bars 52. Tongues 1 00 
and 102, acting as springs to bias rotor bar 52 in direction 86 facilitates reducing 
frictional forces between lamination 50 and rotor bars 52 allowing rotor 1 8 to expand 
uniformly thus, reducing rotor vibration. 

[0024] A magnetomotive force induced to rotor bars 52 is cyclic, as rotor 1 8 rotates in 
motor 1 0 due to an interaction between cyclically varying magnetic fields in stator 1 4 
and rotor 18. Such force imparts cyclic stresses to lamination 50 by rotor bars 52 
tending to loosen rotor bars 52 in openings 64 overtime. Loose bars cause vibration 
in rotor 18. A constant bias force provided by tongues 100 and 102 will maintain 
intimate contact between lamination 50 and rotor bar 52 to reduce vibration in rotor 
18. 

[0025] 

Figure 5 is an enlarged plan view of another alternative embodiment of lamination 
opening 64 including an integral spring assembly 199. Lamination opening 64 is 
substantially similar to lamination opening 64 shown in Figure 3. Components in 
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lamination opening 64 in Figure 5 that are identical to components of lamination 
opening 64 shown in Figure 3 are identified in Figures 5 using the same reference 
numerals used in Figure 3. Opening 64 is substantially trapezoidally-shaped and is 
sized to receive one of rotor bars 52 therein. In this embodiment, opening 64 includes 
a passage 74 that extends through outer peripheral edge 60. In an alternative 
embodiment, passage 74 is closed. Each opening 64 includes a first edge 80 and a 
second edge 82 that converge toward each other, such that each opening is generally 
convergent from outer peripheral edge 60 toward inner peripheral edge 62. Integral 
spring assembly 199 is positioned between edges 80 and 82 adjacent inner peripheral 
edge 62. A first tongue 200 extends from first edge 80 into opening 64 and is 
adjacent to inner peripheral edge 62. A second tongue 202 extends from second edge 
82 into opening 64 and is also adjacent to inner peripheral edge 62. Tongues 200 and 
202 each includes a distal end 204 and 206, respectively, which are proximate each 
other and intermediate edges 80 and 82. Each tongue distal ends 204 and 206 are 
resiliently flexible in a direction 86 towards outer peripheral edge 60 and also in a 
direction 88 towards inner peripheral edge 62. Tongues 200 and 202 each includes a 
fixed end 212 and 214, respectively. 

[0026] 

In operation, a portion of rotor bar 52 (shown in Figure 1 ) substantially fills 
opening 64 and is in contact with edge 90, edges 80 and 82 and tongues 200 and 
202 such that lamination 50 is frictionally engaged to rotor bar 52. Tongue distal 
ends 204 and 206 are flexed toward direction 88 which causes tongue distal ends 204 
and 206 to apply a bias in direction 86 to rotor bar 52. As lamination 50 and rotor bar 
52 increase in temperature during operation of motor 10, rotor 18 may experience 
imbalance caused by reaction forces generated by a differential expansion of 
lamination 50 and rotor bars 52. Such reaction forces are proportional to frictional 
forces between lamination 50 and rotor bars 52, which oppose rotor bar 52 expansion 
and can cause rotor 18 unbalance problems when the reaction forces exceed a limit. 
In operation, a temperature of motor 1 0 will increase with load. In some motors, a 
magnitude and an angle of a vibration changes substantially with rotor temperature. 
Such change occurs because of non-uniform expansion of rotor 1 8. Such non- 
uniform expansion may result from some rotor bars 52 locking in their openings 64 
when the frictional forces between lamination 50 and rotor bars 52 exceeds a thermal 
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elongation differential force between lamination 50 and rotor bars 52. Tongues 200 
and 202, acting as springs to bias rotor bar 52 in direction 86 facilitates reducing 
frictional forces between lamination 50 and rotor bars 52 allowing rotor 18 to expand 
uniformly thus, reducing rotor vibration. 

[0027] A magnetomotive force induced to rotor bars 52 is cyclic, as rotor 1 8 rotates in 
motor 1 0 due to an interaction between cyclically varying magnetic fields in stator 1 4 
and rotor 1 8. Such force imparts cyclic stresses to lamination 50 by rotor bars 52 
tending to loosen rotor bars 52 in openings 64 over time. Loose bars cause vibration 
in rotor 1 8. A constant bias force provided by tongues 200 and 202 will maintain 
intimate contact between lamination 50 and rotor bar 52 to reduce vibration in rotor 
18. 

[0028] Figure 6 is an enlarged plan view of yet another alternative embodiment of 

lamination opening 64 including an integral spring assembly 299. Lamination opening 
64 is substantially similar to lamination opening 64 shown in Figure 3. Components in 
lamination opening 64 in Figure 6 that are identical to components of lamination 
opening 64 shown in Figure 3 are identified in Figures 6 using the same reference 
numerals used in Figure 3. Opening 64 is substantially trapezoidally-shaped and is 
sized to receive at least one of rotor bars 52 therein. In an exemplary embodiment, 
opening 64 includes a passage 74 that extends through outer peripheral edge 60. In 
an alternative embodiment, passage 74 is closed. Each opening 64 includes a first 
edge 80 and a second edge 82 that converge toward each other, such that each 
opening is generally convergent from outer peripheral edge 60 toward inner 
peripheral edge 62. Integral spring assembly 299 is positioned between edges 80 and 
82 adjacent inner peripheral edge 62. Tongue 368 extends from first edge 80 into 
opening 64 and is adjacent to inner peripheral edge 62. Tongue distal end 384 is 
resiliently flexible in a direction 86 towards outer peripheral edge 60, and in a 
direction 88 towards inner peripheral edge 62. In the exemplary embodiment, a notch 
392 and an opposing notch 394 are located in edge 80 proximate a fixed end 396 of 
tongue 368. Notches 392 and 394 are substantially semi-circularly-shaped and 
cooperate to relieve stresses induced in edge 80 when tongue 368 flexes in direction 
86 or 88. In other embodiments, notches are substantially non semi-circularly 
shaped. Tongue distal end 384 includes a raised portion 390 that extends 
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perpendicularly from distal end 384 toward outer peripheral edge 60. 

[0029] In operation, a portion of rotor bar 52 (shown in Figure 1 ) substantially fills 

opening 64 and is in contact with edge 90, edges 80 and 82 and tongue 368 such that 
lamination 50 is frictionally engaged to rotor bar 52. Tongue distal end 384 is flexed 
toward direction 88 which causes tongue distal end 384 to apply a bias in direction 86 
to rotor bar 52. Raised portion 390 allows rotor bar 52 to contact tongue 368 through 
portion 390. Because force communication between tongue 368 and rotor bar 52 can 
only occur at tongue distal end 384, tongue 368 is more flexible than the 
embodiment of Figure 3. As lamination 50 and rotor bar 52 increase in temperature 
during operation of motor 10, rotor 1 8 may experience imbalance caused by reaction 
forces generated by a differential expansion of lamination 50 and rotor bars 52. Such 
reaction forces are proportional to frictional forces between lamination 50 and rotor 
bars 52, which oppose rotor bar 52 expansion and can cause rotor 1 8 unbalance 
problems when the reaction forces exceed a limit. In operation, a temperature of 
motor 10 will increase with load. In some motors, a magnitude and an angle of a 
vibration changes substantially with rotor temperature. Such change occurs because 
of non-uniform expansion of rotor 1 8. Such non-uniform expansion can result from 
some rotor bars 52 locking in their openings 64 when the frictional forces between 
lamination 50 and rotor bars 52 exceeds a thermal elongation differential force 
between lamination 50 and rotor bars 52. Tongue 368, acting as a spring to bias rotor 
bar 52 in direction 86 facilitates reducing the frictional forces between lamination 50 
and rotor bars 52 allowing rotor 1 8 to expand uniformly thus, reducing rotor 
vibration. 

[0030] A magnetomotive force induced to rotor bars 52 is cyclic, as rotor 1 8 rotates in 
motor 1 0 due to an interaction between cyclically varying magnetic fields in stator 1 4 
and rotor 1 8. Such force imparts cyclic stresses to lamination 50 by rotor bars 52 
tending to loosen rotor bars 52 in openings 64 over time. Loose bars cause vibration 
in rotor 1 8. A constant bias force provided by tongue 368 will maintain intimate 
contact between lamination 50 and rotor bar 52 to reduce vibration in rotor 1 8. 

[0031] 

It is well known that in order to decouple stator slot order harmonics, the rotor 
bars 52 in the squirrel cage rotor 1 8 of an induction motor 1 0 should be skewed. 
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Skewing is accomplished by turning the rotor laminations 50 making up the rotor 
slightly with respect to each other so that the passages formed by overlapping 
openings 64 of the rotor laminations 50 are generally helical in shape. As a result, the 
phases of the electromotive force induced in the rotor bars 52 by the harmonics are 
deviated slightly from portion to portion of one rotor bar 52. Consequently, the 
harmonics due to the whole electromotive force are canceled, and occurrence of the 
abnormal torque is restrained. 

Other dynamo-electric machines of similar construction to squirrel cage rotors 
described above will benefit from laminations including integral springs of the type 
described herein. Such machines include, for example, induction generators. 

While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modification within the spirit and scope of the claims. 
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